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Model tools and method
• Otherwise similar clouds are optically thicker in polluted than in clean environments due to reduced cloud droplet effective radius (r e ) and increased cloud liquid water path (LWP) (Twomey, 1977 and Albrecht, 1989) .
Model validation
 Simulated r e , surface albedo and surface concentrations of particulate sulfate are consistent with observations.
 LWP and surface cloud forcing (CFS) was validated against data from the SHEBA campaign (Zhang et al., 2002 and Intrieri et al., 2002) : 
Results of sensitivity experiments
• Averaged north of 71 o N.
• Experiments included reducing the LWP through reducing the CDNC, reducing the r e , increasing the cloud ice fraction and increasing the auto-conversion so that more water is lost through precipitation. Also included were two experiments in which the SO 4 concentrations were increased. • 1 Only one in ten experiments resulted in a positive annual change in CFS with anthropogenic aerosols.
• We investigate a proposed increase in the warming effect of Arctic clouds due to anthropogenic aerosols.
• Observational studies from Alaska suggest that the longwave (LW) radiative flux at the surface may increase by 3.3 to 8.2 W/m 2 due to aerosol-cloud interactions (Garrett and Zhao, 2006 and Lubin and Vogelmann, 2006 
Sensitivity experiments
• Over highly reflecting snow and ice surfaces, clouds have a small effect on the shortwave (SW) radiation budget. Hence, the longwave warming effect of the clouds dominates.
Anthropogenic aerosols lead to:
• A simulated decrease in r e • A simulated increase in LWP
• Stronger simulated surface cloud forcing both in the LW and the SW • An overall negative radiative effect (cooling) due to SW dominance.
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Contact information
• Anthropogenic aerosols in the Arctic are likely to lead to an overall decrease in the radiative flux at the surface under cloudy skies.
• In the future, sulfate concentrations are expected to decrease, reducing the cooling effect, causing an enhanced melting of snow and ice. et al., 2000) . Blue lines: CAM-Oslo simulated albedo.
• Alterskjaer et al. (2010) 
